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The transition of the road freight transport system
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Research Questions

• How can the dynamic relationship between charging infrastructure expansion, 
market adoption, and policy interventions of heavy electric trucks be described?

• What role can different policy interventions play in the adoption of heavy electric 
trucks?



A chicken-egg problem

Electric 
Trucks

Charging 
Infrastructure



Why system dynamics?
Key features of complex dynamics system

dynamic: changing over time

feedback & rebound effect nonlinearities

diversity of actors and stakeholders

policy setting

delays



Exploring the dynamics: 
Charging station development and electric truck adoption
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Potential policy intervention



System dynamics model

Variables 253
Sub-models 7

Stocks 17
Flows 23

Converters 213
Constants 55
Equations 181
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Model structure and equations 

expert interviews

literature

modeling and validation 
workshops

Data collections Main assumptions

• Focus solely on electric vs.
diesel trucks

• Heavy truck class: +3.5
• Equal mileage and lifetime
• Public sector role
• Sales of total trucks

Model development and assumptions

participatory modeling
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Model structure and equations 

expert 
interviews

literature

modeling and 
validation workshops

Data collections Main assumptions

• focus solely on electric vs. diesel 
trucks

• heavy truck class: +3.5 ton
• equal average mileage and lifetime 

for electric and diesel trucks
• sales of total trucks
• aggregated different types of 

stationary charging
• public sector role, as in Sweden

Model structure and assumptions



Number of electric trucks vs. diesel trucks

2031 2040

electric truck

diesel truck

total truck

2058



Comparison of government investments

Total annual gov. fund

Annual charging subsidies

Annual vehicle 
purchase cost subsidies

Annual tech maturity fund 



Potential policy intervention



Sensitivity analysis: 
Market share of electric trucks by ±20% changes in different policy levers

charging 
subsidy
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Price of 
electricity

Price of 
diesel



Policy efficiency ratio _______________________________________________Change in the number of vehicles by the specific policy

Change in the amount of investment by the specific policy(vehicle/SEK)

(vehicle)

(SEK)

Base
Charging subsidy

+20%

Vehicle subsidy 

+20%

Tech maturity 

fund +20%

Electricity price 

change -20%

Diesel price 

change +20%

Change in e-truck fleet size until 2025 (vehicle) 0 344 117 54 74 427

Change in amount of investment until 2025 (BSEK) 0 0.4 0.53 0.26 0.06 -47.28

Policy efficiency ratio (vehicle/BSEK) 2025 851 223 204 1222 9

Policy efficiency ratio (vehicle/BSEK) 2030 1554 300 915 681 35

Policy efficiency ratio (vehicle/BSEK) 2040 1311 448 3202 616 143

Policy efficiency ratio (vehicle/BSEK) 2050 607 239 2150 129 78

Policy efficiency ratio (vehicle/BSEK) 2060 0 0 0 0 0



Scenario descriptions

Scenario 1.
Low 

Electrification

Scenario 2.
Base

Scenario 3.
High 

Electrification

Scenario 4.
Unstable
Policies

Charging station 
subsidy

base formula -20% base formula base formula +20%
base formula 

from +20% to -20% 
every four years

vehicle purchase 
cost subsidy

base formula -20% base formula base formula +20%
base formula 

from +20% to -20% 
every four years

vehicle maturity 
fund

base formula -20% base formula base formula +20%
base formula 

from +20% to -20% 
every four years

Price of electricity base formula +20% base formula base formula -20%
base formula 

from -20% to +20% 
every four years

Price of diesel base formula -20% base formula base formula +20%
base formula 

from +20% to -20% 
every four years



Market share of electric trucks in different scenarios

Low Electrification

Base

High Electrification

Unstable Policies



Do we reach our emission goal in Sweden?
Sweden’s reduction CO2 emission goal in transportation: 
70% in 2030 & net-zero by 2045 (compared to 2010)

2030 goal

2045 goal 2035
2048 2058

2037

Low Electrification

Base

High Electrification

Unstable Policies
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3

4

1

System Dynamics could be useful for demonstrating the 
dynamics and ripple effect through the system.

The impact of electricity and diesel prices on the adoption of 
electric trucks. 
After reaching near-maximum utility, the fight is on the cost.

Policy intervention plays an important role: policymakers 
must consider dynamics when allocating budgets

Electrification triggers several feedback loops and rebound 
effects and raises new questions and trade-offs.

Main takeaways

Contact: 
Anna Pernestål
annapern@kth.se
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Base scenario results

≈ 250k

2058 2046

≈ 14k

market share 
in total fleet

market share 
in new sales



Utility Function

2030

26



Comparison of government investments

Total annual gov. fund

Annual charging subsidies

Annual vehicle 
purchase cost subsidies

Annual tech maturity fund 



Private vs. Gov Investments in Charging Stations

11/22/2023 28

2035



Key variables diagrams



Key variables diagrams



Key variables diagrams



Price of electricity and how it affects the model

11/22/2023 32



Price of electricity and how it affects the model
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